Macro and micro technics for either determination require 2 ml. and 0.1 ml. of serum, respectively. Reliability of the methods has been established by recovery experiments, replicate analyses,and variation of reagent concentrationsand incubation times.
for the determination of serum iron and ironbinding capacity have been reviewed by Ramsay (25) .
The more sensitive reagents available for the colorimetric determination of iron are 4,7-diphenyl-1 ,10-phenanthroline (bathophenanthroline) and 2,4,6-tnpyridyl-s-triazine (TPTZ). Molar extinction coefficients of the iron complexes for the two reagents are comparable (22,350 and 22,600 respectively) and are twice that of the complex with 1,10-phenarithroline (7). TPTZ was selected for further study of its applicability to the determination of serum iron and total iron-binding capacity (TIBC). The complex with ferrous iron is soluble in acidified aqueous solution. Maximum absorbance occurs at 593 m, where background absorhance from serum filtrates is less significant. Finally, the reagent has more uniform composition and is less expensive than tile commercially available sulfonated bathophenanthroline.
The general use of TPTZ has been described (5) as well as its application to determination of iron in protein-free filtrates of serum (36) . The present study is concerned with an evaluation of variables involved in the determination of serum iron and iron-binding capacity and adaptation of the methods to micro technics.
The clinical importance of such determinations has been reviewed elsewhere (11, 20, 25) .
In the proposed method iron is simultaneously reduced and detached from serum protein with the aid of ascorbic acid and hydrochloric acid. Proteins are precipitated by trichloroacetic acid in the presence of chloroform.
To an aliquot of water clear supernatant is added a solution of TPTZ and sufficient ammonium acetate to produce an optimum pH for color development. TIBC is determined by incubating serum with excess ferric iron to insure complete saturation of siderophyllin. Excess free iron is removed by treatment with magnesium carbonate powder as described by Ramsay (24) .
An aliquot of clear supernatant is then analyzed for serum iron as a measure of the total iron-binding capacity. 
Materials and Methods

Glassware
Procedure for Total Iron-Binding Capacity
This determination should be started some 30 mm. before the serum iron so that resulting steps will be coordinated. Pipet 2.0 ml. of serum to a small test tube, add 4.0 ml. of ferric iron solution (500 /.Lg./100 ml.), mix, and let stand at least 5 mm. Troii bound to serum siderophyllin is in ferric form (30) . Binding with serum protein is maximal above pH 7 (33, 34) although dissociation curves vary depending on the type of buffer present (29) .
Reducing the iron and acidifying the mixture appear to effect rapid dissociation of the bond. The desirability of adding a reducing agent prior to precipitation of proteins has been emphasized by others (16, 32) . Apparently serum alone, when acidified or heated, must reduce iron to a considerable extent (17) . In the present method, however, omission of ascorbic acid resulted in slightly lower recoveries. Quantitative recovery of iron added to serum does not insure complete extraction and recovery of all native serum iron (8, 13, 20, 23) . Small but variable quantities of iron may be present in other forms such as ferritin or as hemoglobin iron. Wet-ashing technics will insure recovery of all iron; however, since the clinical and diagnostic significance of serum iron is related to the iron in transport, it is important not to include hemoglobin iron in the measurement. Adequate recoveries of added iron suggest that measurement of native iron attached to siderophyllin is complete. The macro method for serum iron was compared with the dipyridyl method of Ramsay (23) on random sera and on pooled serum containing added iron. Results are shown in Fig. 2 . The TPTZ method in this study gave results that averaged 8 g./100 ml. higher than Ramsay's method.
It should be noted, however, that absorbance readings with the dipyridyl method are only one-third of those obtained with the TPTZ method and are in a range subject to greater instrument error. Hemolysis was found to have less effect on the present method than on those methods which specify heating to precipitate proteins or to liberate iron. Fresh washed red cells were hemolyzed by freezing and added to serum to provide final hemoglobin concentrations of 0.1-0.4 gm./100 ml. With 0.1% hemoglobin, serum iron was increased approximately 5 JLg./100 ml. With 0.4% hemoglobin, the increase averaged 13 g./100
ml. These increases represent the equivalent of about I % of the available hemoglobin iron. These amounts of hemoglobin had no effect oii the TIBC. It would appear, therefore, that some nonhemoglobin iron was contributed from the hemolyzed red cells since it could be removed by treatment with magnesium carbonate. This effect was accentuated when aged red cells were used as the source of contaminating hemoglobin. In general, FTBC may be determined by measuring the increase in absorbance produced as iron is added to diluted serum to form the red-colored iron-siderophyllin complex (15, 26, 33) .
Fs
Alternately, iron may be added in excess of that required to produce saturation and the excess iron determined colorimetrically (10, 19, 27, 29) .
Measurement of TIBC involves addition of sufficient iron to insure complete saturation and removal of excess iron with magnesium carbonate (24) or ion exchange resin (18, 22, 31) , or by selective precipitatioii (1, 6, 17) .
The iron-saturated serum remaining is then analyzed for iron by conventional technics to obtain TIBC directly. Dcspite its low sensitivity, the method of Jiath and F1inch (26)as modified by Ventura (33) or Kaldor
(is) appears satisfactory for routine determination of IJIIBC, provided the serum is not hemolytic, lipemic, or jaundiced.
For the present study, the method of Rainsay (24) was chosen for TIBU as it is not affected by these factors and is more convenient to adapt to micro technics.
The ml. of serum (25) . Similar values were reported by Morgan and Carter with use of Ramsay's method (21) .
In this laboratory, analysis of serum from 60 selected patients revealed a mean value of 350 g./100
ml. with a 95% range of 255-419 p.g./100 ml. Other reports in the literature are in substantial agreement with this range (13, 19, 20, 22) .
Normal values for serum iron are discussed in the review by Ramsay (25) .
No definite range of normal was given in view of the many variables of methodology, diurnal variations, and random fluctuations of serum iron in normal individuals.
It is generally accepted that the serum iron concentration of normal adult females is some 10-15% lower than in males.
A recent collection of normal values from the literature (19) includes nine separate studies with mean values ranging from 98 to 173 g./100 ml. and an over-all normal range from 44 to 238 g./100
ml. Some of the higher values are subject to criticism on the basis of inadequate serum blank corrections (28) .
It is apparent that excessively wide ranges of normal detract from the value of a test. Our experience with the present method supplemented by a review of the literature has led to a working normal range for serum iron of 65 to 150 g./100
ml.
